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MEMORANDUM REPORT NO. 1-47

PREFACE -
NoF,
AUTHORiIZATION 2
This study 1s being carried out under Buresu of Ordnance J

Task Assignment Re3b-202-1 as authorized by the Lureau of -
Ordnance in reference (b). A copy of the local directive for
this Task Assignment is included in Appendix IIl. “ilm'

OBJECT [

¥

This progress report is part of a continulng investi-
gation to develop a 3" armor piercing projectile of irproved ... —
ballistic quality at high striking velccities and high
obliquities. The study described herein was conducted in - m———
order to gain more infermaticn ceoncerning the behavior of e
currently available 3" AP projectiles when fired against 3" o
homcgeneous armor at high obliquities and high impact veleoci-
ties up to the maximum presently obtainable.

( [

S UMMARY T g
Two available lots of 3" M62 Capped AP projectiles and

one lot of 3" Mk. 29-2 Capped AP projectiles were tested

versus 3" homcgeneous armor at 120,000 p.s.i. tensile strength .—p
at 30° and 45° obliquity. Ballistic limits were obtained EEE
when possible under the above conditions. Striking velocities =

of the projectiles were then incre:sed in increments above -
the 1imit velocities up to the maximum presently obtainable. s
The condition of projectiles after impact wes observed. e

In general the terminal ballistic perforrance of M62
rrojectiles was poorer than that of Mk. 29-2 projectiles.
In terms of BuOrd Sk. 78841, the ballistic limits of Mb2
projectiles were higher than those of Mk. 29-2 projectiles.
Upr to the highest irpact velocities obtained and reported
horein (approximately 2900 ft./sec.), the Mk. 29-2 projectiles
showed no shatter, but the M62 projectiles split ani broke up
on impact even at striking velocities above the 1limit. The
hardness. pattern made of one M62 projectile shows a soft
area at the nose which probably accounvs for the poor per-
formance of the M62 projectiles.

UNCLASSIFIED
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(a)

(b)

(e)

(d)

REFERENCES

Definitions of Terms Used in the Ballistic Testing
of Armor. Revision B. U, S. Naval Proving Ground
Report No. 10-46 dated June 1946.

BuOrd ltr. S78-1(55) Re3 (Re3b-202)
dated 30 September 1947 to NPG.

BuOrd 1ltr. S78-1(55) Re3 (Re3b-202)
dated 8 August 1947 to NPG.

Office of the Chief of Ordnance ltr. ORDTM
dated 28 July 1947 to BuOrd.
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I. INTRODUCTION

The contemplated use of high muzzle velocity guns
makes 1t important that the Army and Navy develop armor~
plercing projectiles with satisfactory performance against
armor at high striking velocities. The Naval Proving Ground
has undertaken the task of dnveloping 3" armor-piercing pro-
Jectiles with improved ballistic qualities at high striking
velocities and high obliquities. Additional information
about this task 1s given in references (b), (c¢), and (d).
This first progress report describes the performance of two
existing 3" AP prcjectiles at ..triking velocitles above
limit against 3" homogeneous armor at 30° and 45° obliquity.
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II. - MATERIALS AND METHODO

Projectiles:

Chevrolet 14.7 1b. 3" M62 Capped AP Projectile

Lot CM-2-81-1943 and Lot CM-3-59-1943

Oldasmobile 13 1b. 3" Mk. 29-2 Capped AP Projectils
Lot 130-1942

Figure 1 is a photograph of these projectiles.
Figure 2 1s a hardness pattern of 3" M62 projectile
Lot-2~81-1943,

Platecs:

3" Class B Carnegie-Illinois No. X-9021
3" Class B Carnegie-Illinois No. BD-389 1/4

Chemical Analysis of Plates

C Mn P 8 €1 Nt Cr
C.I. X-9021 .31 .25 .013 .020 .08 3,26 1.43
C.I. BD-389 1/4 .34 .25 .013 ,020 .08 4.10 2.23

Physical Pronerties of Plates

Two 3' x 3' sections from each of the above plates
were used in the ballistic tests. The following table lists
the arbitrary numbers assigned each of the sections and the
physical properties of each plate section:

N Table 1
PL

Plate Plate No. Y,S,(.2%) T.S. % El. % RA BEN RC
C.I. X-9021 673 102,475 121,650 22,0 60,3 256 23,8
C.I. X-9021 675 101,725 120,800 22,3 62,0 256 23.1
C.I. BD-389 1/4 676 98,600 120,100 24.0 67,9 255 23.1
C.I. BD-389 1/4 677 101,100 120,300 23.0 65.3 256 23.0

Yield Strength (Y¥.S.), Tensile Strength (T.S.), % Elongation
(% E1.), and % Reduction of Area (% RA) are the average of
two tests. Brinell Hardness Number (BHN) and Rockwell "C"
Hardness (Rc) =re the average of five readings.

Methods:

All ballistic 1limits in this reporf are expressed
in terms of F(e/d,8) values, where F(e/d,0) 1s defined as
follows:s ‘

F(e/d,8) = 41.57 M 1/2 Vi, Cos. ©
e 1/2 d

SIED

tv“) 'Q}X‘.‘
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NP9 35487 I7 OCTOBER 1947
HARDNESS DISTRIBUTION AND MACROSECTION OF

3" AP PROJECTILE M62 MANUFACTURED BY

CHEVROLET LOT No. CM-2-8I

Hardness Values: Vickers Pyramid (50 kg,
Etch: Ammonium Persulphate
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Where

M, is the projectile mass in pounds, Vy, is the limit
velocity in feet per secord (the miniMim velocity required
for the major portion of the projectile to pass completely
through the plate), @, the obliguity, is the angle between
the.normal to the plate and the line of flight, e, is the
plate thickness in inches at the point of impact, and d, is
the diameter of the projectile in inches., All quantities
entering on the right side of the defining expression above
are susceptible of measurement. The limit penetration
coefficient, or F-coefficlient, as the method of wrlting
shows, 1s a function of e¢/d and @ only. Its usefulness lies
in the fact that 1t 1s a slowly varying function of these
quantities and that its use enables comparison between plates
of slightly differing thicknesses tested at slightly differ-~
ing obliquities by projectiles of slightly differing proper-

ties.,

The striking coefficient, usually designated by Fg,
is defined in the same marnner as the F-coefficient except
that the velocity entering into the formula 1s striking
velocity rather than limit velocity. It Is useful for
interpolation in allowing for small changes in obliquity and
thickness for the several impacts in a 1limit determination,

1t 3s customary in the Navy to refer F-coefficients
to the empirical expression, derived from a 1931 analysis of
penetration data, embodied in Bureau of Ordnance Sketch No.
78841, F-coefficients thus referred are expressed as "%
Sk, 78841", 1In this connection care must be taken not to
expect that a plate of average quality will necessarily have
a linit of 100%, and by the same token, nct to compare limits
in 4 Sx., 78841 taken under widely differing conditions.

More ccmplete information on all the above terms
is to be found in reference (a).

UNCLASSIFIED
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III. RESULTS

The results are given in detail in Appendices I
and II and are summarized in Table ITI

IV. DISCUSSICHN ¢
3" Mk, 29-2 Cupped A, P. Projectiles,

Against 3" homogenecous armor at 30° and 45°
obliquity the 3" Mk. 29-2 projectiles generally remained
intact and effective at striking velocities up to the
maximum velocity tested to date, namely, up to approximetely
2900 feet per second. ‘

" M62 Capped A. P. Projectiles,

Against 3" homogeneous armor at 30° and 45°
obliquity the ME2 projectiles from both lots fired showed a
tendency to split and break up at striking velocities up to
the maximum velocity tested to date, namely, up to approxi-
mately 2700 feet per second.

Future Action.

A lot of M62 projectiles of proven high quality is
being procurred and tests of this lot should definitely
establish the ballistic quality of the M62 projectile. 1In
addition tests of currently available 3" projectiles will
continue at higher velocities and other conditionse until
complete date are obtained.

UNCLASSIFIED
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V. FACILITTES

Certain special tocls needed for the fabrication
of projectiles are being obtalned by the Navy. Procurement
of these 1s proceeding satlsfactorily. It I1s expected that
the task of manufacturing the first complete projectile can
be undertaken by 1 April 1948.

In addition, steps have been taken to obtaln an
experimental, high-velocity gun. A 5"/51 caliber gun lined
dewn to 3" caliber has been ordered for this purpose. It
will take, however, at least six (6) months to obtain this
gun. It is hoped tc minimize the time interval before high
velocities can be obtained by the temporary use of a 3"/70
gun.

J. Glancy
Ordnance Engineer

UNCLASSIEIED
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APPENDIX 1 .

i‘ IMPACT DATA

* 3" M62 & 3" Mk, 29-2

| Vs

r | 3% Class B Plate
at

30 ° & 45° obliquity

UNCLASSIFIED
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Split - - - -

SYMBOLS

Plate thickness at impact in inches

Obliquity. Angle between trajectory and
normal to plate at impact.

Projectile mass in 1lbs.
Striking wvelocity in feet per second.

Depth of penetration in inches measured
from front surface normal to plane of plate.

F coefficient -~ Limit penetration coefficlent.
The striking coefficient - It is the same as
the F coefficient except that striking velocity
is used instead of limit velocity.

Limit Penetration F coefficlent in % of
empirical F (e/d,0) value (BuOrd Sk. 78841).

Complete penetration. Major portion of
projectile completely through the plate,

Incomplete pernetration. Major portion of the
projectile rejected.

Projectile stuck in plate.
Projectile whole but may be deformed.

Effective, Cavity and base plug not injured.
Projectile would detonate if loaded and fuzed.

The projectile split into two or more parts
along its longitudinal axis.

For ballistic limit and other definitions see reference (a).

UNCLASSIEIED




| _ : .
P o % .
5084¢ q~,.1‘im,.o o fm.j
[ ! i
AN o |
:m.._n.m'o_‘ ﬁ ,‘ T ytesd
_ i ! ,,_
HEA1% —ig 0 ﬁow.._
Lt =z ¢ |
i _ | f
ST T T (00L70L=a) (79°BLT) 07 4N ISYIWNE PU ¢ 313 noduo.ﬂoum T
T T T e {0001 505708 =&y ﬂﬁﬂ: u,w.uS cE &, = T -
: !
e Illﬂqodiﬁq .m«.]b;ﬁv.ﬁd -ﬂuﬂdh .g. T T ,
$3CT OTIv0L uﬂd "IT DT 020 Ilt-iaduduuiqu&dnl_ co* _J‘.mﬂm._qll P STSH UESTS . T12ic, 0e9H
! i L=50i ! foedte ,mlﬁ,mmuhmcm‘li o
8STT J33*65 TEUTY :43,,.%5«.044.5!1 TRATISIIE TTRTAT uo‘.ﬂ.‘ RE . CSTOL URSTS . 602iC Eed
_ =s0 | tpsayx sreagl |
T°5€T 23%°85° quﬁlqw,d«u;n STeOT| ™ TEATIURIIETTIONNNT | 5T | 05682 — SToq wed o T T027¢ 9.y
) o ! N ¢ H o ! §-801 _ fradTa sywIdg! o
53T SubTEg ST, "37 [STvITeun SETIOF IR I0NIAT | sotil i Td6wg . | STOU ULeTo; 3Tt LidH
* |_v-50 | eedje srensg
TIOTI 008795 m‘al‘ @y c«hc._mw.oa SATIDSIIS TLENIUIITEEON [ WOTTY T 155 3TCY UERTD | ZI2AE 19489
: 0t Y L adIx &
32T TUTTRS mdqlnfdmjlgﬂdiﬂcn SAYIOR e TPINIEII SHUY 03«-:1\|JEOMWJ L!qu dﬁm;»d%v Tt
: | g=s0 ‘peata se3sg
"T7T CSTI'ITT gpTTOvdn ﬁ.nm,dw.mul EEPPL A 27 04> CAE11) giets My T,  iowe: |.|,il..r T YITOY uwsld 0dif Yumv
S 1=50 ‘picia BTBISy o
8T TOSUETT EDUT CYT dmﬁm.,\naawwujJngﬂqJﬁ: coqm:w:n[ 08642 — w7 TUTTIEISd £oof 60240 £.8%
‘GT-40 rnH 307
TZTT 005745 B0V PUT :9%E,3TL00 I I OTOuU Jﬂqﬁdtqﬂl%aﬂ T T0BERZ T2-62°NN T T «10W pedFEy ZTIIT Zuoy
| 6=HD .n SP1g’ .
N 2 H ! | | i [
T ETRIE g EREEEERY | 8 EE
x m = z Bl z o« 22 | b4 o wm
- 1x TSk 5 g G 122 28| g E 2 |3
$ 32 o 3 5z,°¢ 3 B F R E 2 5o
= 2t 9 3 Py g g ; B L E %‘m
= g i [ | : .
- H f - e ' e -1
i T |
” 3711023 rodd 3Jivd !
Yiva L1OVdNl S5¥GE edN
VINIDMIA 'N3YOTHVA
ANNOYD DNIAOUA TYAYN
<5 ON JUVad dv AHOLVEHOEVT FLDIFTOHd ANV 3OWHY

NUTEPNEES WV TR

—ragope




i
I
2 N wmﬂ.w
~ LY
| 5y | W ]
now.m.||_rh¢ : igozk
i _ i “
] i i i !
- .;W,I_ 4] iz12k
1883 JO suUdT1Tpucy sacqe sy} Iepun oz u_ SRR i
| i } | i
PsaIly BSIITSOT7a [T® 3 dn UI40JIy SIek S3TTI30eload gux SL} TeIsus? ug !
.huhnh.om FOBATL Je3ge AT reUTEded 10T UNE G053 9TT39+704a 25 .
_ .
U ..‘|lj0dﬂﬂd.ﬂ|ﬁ“@ljvr TE peUITEIRU u.ﬂ ﬂﬁﬂu.mhﬁlﬁlﬂ STSTAUGSUT N ..
R e £ P T U VM TR S YA 9 B T FEITBATIST ST 3 TalT OTd TA SUL T oo T ,.\w
T T T .A.fméu.r.: PFUICYIST PaIT) FI0T QI0Q WOl 597138 o.E mw‘.ﬂ\orﬂ\lfll, o ,
6T laqqt_.w J.jidﬂh- .dﬂloﬂrfl TRETIIE T TS uﬂj 0L™vT ii\f&mﬂ!«ﬁ_l: »-\“A‘[’Jaox uedld L6THC 268V w.n.u
[ £=09 | : =
6°:¢Y TOU'ES LUT niidqvnuau .d.wlaaw SLTTISISS WU +:qw 0L7vT S T0eBRZT T . U TI0RT L8/L-C 66TiE (1680
! 2=ND BGE 10T |
ZULET 00T H,ildnﬂm.mmml_.q«lﬂ' TIETIOVIFE I0UCITISS. G4 RATEE f?ﬂmqﬂllmd.ﬂ T TTUSY WY /RT ), 0024T ommq
| | T-NEug -ady) ¢ !
S EET TOL «wI o.. i 2o} &Gu sove dmliugﬁfﬂnmqum oﬁ.dﬁl T : ﬂuuqﬂﬂdq md;wnnﬂ 688Y
| : | z-0d e.w 307 *eToy uwesT)’ .
58T S3TUUL Jd.m i) Wounm _.ow..c._.ﬂ TSIV FOT RIS CUENOIE| TV T Y A X 7T TTTPHTE RTINS VOZ AT 988Y
| _ | 104 |ng*ASuD ‘atoy Fey
. ; | R ‘ T
i ! !
dﬂ#:l& o Jqojmumdx_.i.f SETFOES 9 TOTTUT U0 T [UgENE [TT6 T STUUBTLY Sﬂ.
i ! | 8-S01.£9P10 JHo: ZmS .
e ,ﬂllw-i o - ‘ _
TITYEY H»Iléu: (327 ,.c:.cx FFeyouw yrraT ‘ueworg OLoPT T 3FBIZT T M PR sTRIsd TTZIT 08%%
01-ad : L] i ¢ S{0uU wmIID
30875 LT IO IENT SOTeUY T3 IOW “ITTISSwSNOsE 0LFT —— 6G6TT AT TP RTEIET 60ZIT Seub
- - - 6-0d T8~C 31971 feToy uws Iy ~
JLFIE LTI TUUT €T¥IT ST % TRRTIOSIIT you *ITTds GLTPT T 06687 T ZGY T T Tausg w3/ 1% LOZWE teegd
g=~1duE 434D ‘raxonrIo Nomeg
i i - T
(ol T <! 0 ' i 2] - Zz
c3 noiRd e g 3 3z 3% 9 3
Tz z g2 ¢ z I 2> | 22 z z a ' »
-2 4 /2 0 o e mToms wwvm 9] x 17
25 0 3 3% ¢ = AL sgae 3 moC
=2 g 5 <@ 3 g L3 ar * g o1z
z 3 _ 2 ; i z ® |2
- z 1 e ! i I o ;
ﬂ 3N1Lo3rodd 31vd
Yivad 1OVdWI LShur &N
-- VINIDHIA 'N3YDTIHVYA
gig st¥suzez DAW CNNOYD 9ONIAOHG TTVAVYN
ON 3!v¥1d dv AJOLVHOEYT 3N1D3rodd GNVY HOWYY !




_/H
$5343
n
N, ﬂmomm
2 Hp.o...n
F,
i S . L .
i
{ov6%627d) TEOTT) 62 40 8513500 e, 1V TSRS I0K +1C BaT13osf0as - B
. TS e =TGRSy =M ZL pue ufg I T T T T )
PrelT L0LSf. 20T TUHT TULT WJVedd  SATITESLE C{EINUT SETg w(.m 15848 w0 TROWMLTUE R ST04T 669%
, G-l
braut wusTss BUTYTOUT JICTLSYe | SATIUSISE CTRMUT SRR TI0TE gIene T T TTTTTTTTTMIUES WY G%0IT S69H
! H $-0% !
BT0TT 0usTEST OITT t3D JUAT LDFeRy,  SATIYEISE VIRATUEITE LJTIT REDER w0 EICW TRRD T yRONE L6y
.“mN { : v . i rlun\
-2 SV A SV S IS GV EVR-PIEPS DTS S T3 L R0t S 12117t -1 ~mue'y o0 g T OTS6ng " IS WYY TONAT c639
, : 2=rc
beo0T LlE¥HS  E0TT TOUT 258 L UFetE TREATIOSGIS CTENORID USTH TGLUT 15652 7 TTTTIWRs L3/6 2 £305% GESY
=7l .
B°.0T Jivtss wlt T3l UEed wudewy  SATISRIIETUTSEUEXT STRRULLT:IT T vubnz FTOU USSTD T 55288 ¥689
_ e . e e e v—— e . 9Tmg R e
Tl LTsfes L0tT tI0 G182 ilYe7d LZA ST L IR TR PIVET-S: ) VItV ¢ OubaT =67 A% STCL WHSTYH T T [%0uT ¢e2
, 65=LD WE*STIN
" | 1 |
N (o] 2 <®w i G O Z on . 2 [a) ) >
¢ g3 - RN 2 3
g 1% S %% @ o BRI LI F 5 S = 3
i 8% % % 3805 5 q L EE ) R 3 2
z =i o] et < ¥ > o] “ o@D [ R o 0 Iz
= z c p4 ! ﬁ z )] 2
- z L : B} o el
A71LD3rcydd ERRART.
Isd (061021
Lo mﬁnmw(mgwwﬂm.w viva Lovdn Feas 64X
VI Saretee v
/4 €3:-2e ON 21Y7d D4W VINIOYMIA 'NIHSTHVYJ
wen1C L3 wrfeuasc O4NW ANNOHD ONINOHd TIVAVYN
tor | ON 31V Tdv AHOIVHOEVYT 2T1LD3rodd NV dONWYY

IRAY

i




ﬁ {
usose ﬁfn . 2kone

! _
omo...mll__;“[ Z0 oRoie
Y6042 ‘flf % doozg
R | o
B _ S . . — _ e
| i | : 1 '
N o “ o N S R S o
: : : |
i o I I I
N ] |
—— — — —— — — - R— . ————— e e | ——— T —
4, ; _ | |
B B R N S
: f i | | ; y
i | ! | i |
I R _ I D T
| | | | |
o _ _ |
\_ " {A90T) PI O S3TIT50T9, 1TV :Hlﬂu..ﬂ. TT35pToig
— T TO0STS A (ESONR =TT o | S -
j ! i , - )
E° 50T L08%9S TG 15Ul 6vge «OVest ™ TV 3E I0% TTsisiicus OLTVT mbmo...w PR luer .8/T 2 TT10:C 1064
: i ____i¥=) N
(°T0T SOUTYST ToTTOUT USKE .SueSh T YSIE ol TLedeniwis OUtvR | | 6dbac aon! "Iusd .8/3 1 60038 006H
i : [ £=0d  .gcasyp
< [ i _ o) fe) — [
@ o3 IREERE- 8 9228 8
= m= < = [ r4 o0 z> 20 z r4 9] P>
~J a1z q wm 0 o @ mr m > wwvm =} S |
2 65 T 2 132§ 3 m | ax  ocPe 3 o2
S L 2 R E o3
3 S o | : - o |
! INLD3rodd Jivd ,
“Isd (00g‘o2T) YIVva LDV4dWI 69YG¢ 64N
(zv) FLIONTEI: FIISHEL 5dN
+/1 6ag-gg ON ILVid D4W VINIDYHIA ‘NIYODTHVA
«Ea"T0 9% e1daurez L JW ANNOYD SNIANOYG IVAVYN
T 2ls ON JLVTd IdVv AHOLIVHOgVYT 3T1D3rcydd ANV HOWNY
o - i, —— s




Sy

MEMORANDUM REPORT NO. 1-47

APPENDIX II

IMPACT PHOTOGRAPHS

3" M62 & 3" Mk, 29-2
Vs
3" Class B Plate
at
30° & 45° obliquity
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MEMORANDUM REPORT NO., 1-47

CePrY

U. §. NAVAL PROVING GROUND
DAHLGREN, VIRGINIA

15 September 1947

PROJECT TL-3212-1,2

Directive for Tests Nos. 1 and 2.

‘ 1. In order to gain more information concerning
the behavior of presently available 3" AP projectiles as a
preliminary to evolving new designs, it is desired to test
the 3" AP Mk, 29-2 and 3" AP M62 projectiles against Class

A and Class B armor. with particular attention to the highest
striking velocities obtainable.

2. Until the completion of this series of tests,
the procedure to be followed in firing will be to determine
the 1imit on the plate, increase the velocity in approximately
200 f.s. steps to the maximum attainable, then fire additional
rounds as necessary to explore the "shatter region" more
fully.d The 3"/50 gun and Mk. 29-2 and M62 projectiles will
be used.

3. Test No. 1 will be fired under the following
conditions: 3" Class B plate, of approximately 120,000 psi
tensile strength, at 30° obliquity. Test No. 2 will be fired
u%ger the same conditicns, except that the obliquity will be
4, ‘o

Je G. FRANKLIN
Armor Officer

Copy to: BO, X0, TO, TL(3), TK.




